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Introduction
The present work revisits the partitioning of mixed-mode fractures in laminated unidirectional composite double cantilever beams (DCBs) with rigid interfaces by taking 2D elasticity into consideration in a novel way. In Suo and Hutchinson's work [1] , conventional 2D elasticity theory is employed in conjunction with stress intensity factors in order to give accurate partitions.
This conventional approach however often has limitations in dealing with more complex problems, for example, in the bimaterial case where the partition relies on extensively tabulated numerical results over a finite range of geometries and material configurations [1] . The present work aims to develop a novel and powerful method to calculate energy release rate (ERR) partitions with the same level of accuracy as in Suo and Hutchinson's work [1] . Furthermore, it aims for the method to have a stronger capability for solving more complex mixed-mode partition problems (like the bimaterial one described above) than the conventional method in Ref.
[1] has. The structure of the paper is as follows. The novel method is developed in Section 2.
Comparisons with several existing partition theories are presented in Section 3. In particular, these comparisons include ones against Suo and Hutchinson's partition theory [1] since it is regarded as the most accurate. Conclusions are made in Section 4. Based on the authors' previous work [2] [3] [4] [5] , the total ERR G is calculated as follows: The work in Refs. [2] [3] [4] 6] has shown that in Euler beam theory with rigid interfaces, the two sets of orthogonal pure modes do not coincide and that this results in 'stealthy' interactions which change the ERR partitions I G and II G but do not change the total ERR G . The work in
Development of the novel method
Ref. [2] [3] [4] [5] [6] also shows that in Timoshenko beam theory with either rigid or non-rigid interfaces, these two sets of modes coincide on the first set of pure modes from Euler beam theory resulting in no stealthy interaction. Furthermore, Ref. [1] shows that the two sets also coincide in 2D elasticity theory for rigid interfaces, i.e. ( ) ( )
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. Therefore, Eqs 
Now, the key task is to determine the orthogonal pure mode set ( )
. At this point, it is important to note that the orthogonal property demonstrated in Eq. (4) exists between any pair of pure modes in the pure mode set ( )
and orthogonal
. As long as one pure mode is known, say
θ , the others can be obtained by using the orthogonal property. This knowledge provides a powerful methodology to find all the pure modes and to partition mixed modes, which will be used in the following development. It is seen now that the central task of the present work is to determine Timoshenko beam theory is used, the two sets of pure modes coincide on the first set. That is,
where the subscript T denotes for Timoshenko beam theory. This is due to the introduction of the drastic uniform through-thickness shearing strain by the Timoshenko beam theory. It is therefore reasonable to anticipate that the pure mode set M is calculated to be
It is important to note that Eqs. At this point, it is helpful to pay attention to the values of ( ) It is worth noting that the work in Ref. [7] effectively uses the constant 1 = θ c .
It is seen from Eq. (20) that when γ tends to infinity or to zero, the correction factor ( ) . Similarly, it is expected that when γ tends to infinity or to zero, the correction factor ( ) c against γ is shown in Fig. 2 . The thick dashed line in Fig. 2 shows the trend of the correction factor β c against γ , tending to the correct gradients when γ tends to infinity or to zero, and passing through 6 .
. From Fig. 2 , the following approximate assumption can be made:
Therefore, the approximate value of θ c is obtained as
are determined using the orthogonal property, that is,
Comparisons with Suo and Hutchinson's partition theory [1]
In Fig. 3 , a laminated unidirectional composite DCB with
alone is considered, i.e. , and Luo and Tong's theory [7] .
It is seen that the present theory with 7 / 8 = In Fig. 4 , the same five partition theories as in Fig. 3 The maximum error in Fig. 4 This novel method will overcome the limitations of the conventional 2D-elasticity-based partition theory [1] when dealing with more complex problems, for example, in the bimaterial case where the partition relies on extensively tabulated numerical results over a finite range of geometries and material configurations [1] . The present method is currently being extended to bimaterial DCBs and the results will be reported in the near future. 
